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Introduction
Cerebral ischemia-reperfusion (IR) injury is a serious clinical problem caused by many causes, such as cardiac arrest, peripheral vascular insufficiency and stroke.1 It is a pathological condition where a blood flow restriction to the brain is followed by the restoration of blood flow. And it is the main pathological mechanism of cerebral ischemia and brain tissue damage caused by cerebrovascular diseases and brain tumors. IR has been a concern since its discovery. There is a large body of literature in the field of cerebral ischemia-reperfusion.
A regular review of IR research can help to understand the current state of research and provide a reference for finding further research directions. However, previous reviews could only review the research activities of a research direction in the field, relying on individual literature accumulation, summarization and extraction. This method does not adequately reflect the spatial and temporal distribution of researchers, institutions, and journals. What' more, it is difficult to visualize the internal structure of the knowledge base and the research focuses. Systematic reviews of scientific literature are important for mapping the existing state of research and highlighting further growth channels in a field of study.2 That is a new way for conducting such literature surveys is mapping knowledge(MKD). Based on the literature metrology and cartographic knowledge domain (MKD) analysis, our research objectives coucld be elaborated in three aspects.
1. Our research is intended to show the spatial and temporal distribution of researchers, institutions and journals in the field of cerebral ischemia and reperfusion, with particular J o u r n a l P r e -p r o o f emphasis on the display and analysis of internal collaboration. A thorough understanding of the internal structure of the research community is beneficial for researchers and institutions to find suitable partners. In addition, the defects of the current research structure can be found and can provide a reference for the improvement.
2. This study sought to find important knowledge bases in the field of IR. Based on the chronological and research content of these documents, the relationship between them is analyzed. The results of these analyses would help us understand the evolution of this research area.
3. We look for research focuses in the infrared field and analyze the internal knowledge structures of different topics to provide the basis for predicting research frontiers.
We used VOSViewer and CiteSpace 5.4.R4 to analyze the literature on IR. The visual analysis of the cooperation network, co-occurrence network, and co-citation situation was performed on 5814 articles cited in the WoS Core Collection from 2004 to 2019. First, with respect to the temporal and spatial distributions, Citespace 5.4.R4. and VOSviewer was used to analyze the cooperative network, including country network analysis, institutions network analysis, researchers network analysis and journals network.
As well as, journal co-citation analysis was done by Citespace 5.4.R4. Second, with respect to knowledge bases, Literature Co-citation analysis was conducted using VOSviewer, and the IR knowledge bases were obtained. Third, with respect to research focuses, keyword co-occurrence cluster analysis was conducted using VOSviewer, and the IR research focuses were obtained.
Next, our study will be divided into three sections to describe. There are "Methodology", J o u r n a l P r e -p r o o f "Document statistical analysis", "Conclusion and future work".
Methodology
MKD belongs to the category of scientific metrology, which is based on scientific knowledge as a research object, showing a graph of the relationship between the development process and structure of scientific knowledge. The advantage of the MKD is that it can use the spatial form to visually express the interrelationship between disciplines, fields, professions, personal documents or authors and to display the disciplinary network structure and dynamics of change in academic research. Through co-occurrence analysis and co-citation analysis, the relationship between disciplines and sub-disciplines is found, the hot issues of current academic research are grasped. What' more, the development direction of the discipline is predicted.
Data source
Database: Web of Science Core Collection.
Search method: Topic.
Search term: cerebral ischemia-reperfusion.
Timespan: 1986-2019.
A total of 5878 pertinent publications were collected, and the last update of the data is on Jun 2, 2019.There are 5,814 pieces of data remaining after de-reprocessing. The retrieved results are saved as a "Plain Text" with "Full Record and Cited References".
Analytical method and tools
The analysis methods mainly applied in this study are co-occurrence analysis, citation J o u r n a l P r e -p r o o f analysis and keyword co-occurrence. The co-occurrence analysis uses the psychology's neighboring connection rule and knowledge structure and mapping principle as the methodological basis to quantify the co-occurrence information in the information carrier, thus revealing the content implied and the implied meaning of the feature item. Citation analysis uses mathematical and statistical methods to analyze the journals, papers, authors' citations and citations of scientific literature through comparison, induction, abstraction, and generalization to reveal their quantitative characteristics and internal laws.
The keyword co-occurrence can demonstrate cumulative knowledge of the field and based on the way and intensity of links between keywords that appear in the literature. We can find meaningful knowledge components and insights through the analysis of MKD.
At present, MKD is mainly realized by means of visualization software. Commonly used visual chemicals include CiteSpace, VOSViewer, HistCite, NetDraw and SCI2. This study mainly uses VOSviewer and CiteSpace 5.4.R4.
Statistical analysis

Yearly quantitative distribution of literature
The change in the number of papers can reflect the change in the degree of knowledge of a subject, and is also an important indicator of the development trend of the research field.
The research level and development trend in this field can be visually displayed, through multivariate statistical analysis of annual publications and drawing into pictures. The earliest paper on cerebral ischemia-reperfusion retrieved from Web of Science was published in 2004. By July 2019, 5,814 related articles had been included. We can see that the study of cerebral ischemia-reperfusion coucld be divided into three stages, namely, 
Main research organizations
The most productive organizations and groups on a topic can be found through organizational collaboration analysis. Cerebral ischemia-reperfusion research papers came from 3634 organizations. There were only 30 institutions with a volume of 50 or more articles. However, the number of papers published by these 30 organizations is 2425, accounting for 41.7% of the total. It can be seen that published papers in the field of IR were highly concentrated in a few organizations. Table 2 shows the top 30 organizations in the publication volume. Most of these organizations have long been concerned with research in the field of cerebral ischemia-reperfusion injury. The top 10 research institutions have paid more attention to this field for more than 10 years.
J o u r n a l P r e -p r o o f In Figure 3 , each node represents an organization whose size is proportional to the number submitting their research results. In order to find the most influential journals and to find out the correlation between journals, CiteSpace was used to conduct co-citation analysis of journals. The results showed that a total of 94 journal papers were cited. The maximum number of citations is 3952 and the minimum is 16 times. The top 10 journals cited the most frequently are selected for listing. (Table 4 ) analysis. The results show that eight clusters are formed, namely "stereospermum suaveolen", "brain edema", "hippocampal neuron", "mRNA level", "sex difference", "autophagy inhibition", "promising target", "blood-brain" Barrier". ( Fig. 6 )
Eight significant red words appear in Figure 6 , which are the names of the eight clusters.
The picture background also shows eight pale green polygons corresponding to the cluster name. The purple dots in the polygon are journals that are closely related to each cluster. Experimental results showed that the multiple anginal episodes that often precede myocardial infarction in man may delay cell death after coronary occlusion, and thereby allow for greater salvage of myocardium through reperfusion therapy. Their research proved that multiple brief ischemic episodes might actually protect the heart from a subsequent sustained ischemic insult.
J o u r n a l P r e -p r o o f
Cluster 2 (blue): Suitable small-animal models
In this cluster, the classical document that has the largest density is "Reversible middle cerebral artery occlusion without craniectomy in rats"38 by Enrique Zea Longa, Philip R.
Weinstein, Sara Carlson and Robert Cummins (1989) published in Stroke.
Their study wanted to develop a simple, relatively noninvasive small-animal model of J o u r n a l P r e -p r o o f reversible regional cerebral ischemia. In this artical, 60 rats were anesthetized with ketamine and different combinations of vessels were occluded. Blood pressure and arterial blood gases were monitored. Neurologic deficit, mortality rate, gross pathology, and in some instances, electroencephalogram and histochemical staining results were evaluated in all surviving rats. They found that MCA (Middle cerebral artery occlusion, MCA) should be useful for studying both permanent and temporary regional experimental cerebral ischemia to simulate cerebrovascular occlusive disease in humans and for evaluating the effect of reperfusion and other physiological manipulations or treatments.
Cluster 3 (yellow): Finding new potential targets for therapy
In this cluster, the classical document that has the largest density is "Pathobiology of ischemia stroke: an integrated view"39 edited by Ulrich Dirnagl et al.(1999) and published by Trends Neurosci.
In this article, the relevance of excitotoxicity, peri-infarct depolarizations, inflammation and apoptosis to delayed mechanisms of damage within the peri-infarct zone or ischaemic penumbra were discussed. This paper wanted to provides a framework that could be used to generate testable hypotheses and treatment strategies that were linked to the appearance of specific pathophysiological events within the ischemia brain.
At last, their study found four potential targets for therapy: excitotoxicity, peri-infarct depolarizations, inflammation as well as apoptosis. What' more, they speculated that in the future, interventions will combine strategies that enhance both early reperfusion and neuroprotection. were interventions of proven benefit. In addition, they also proposed the most important intervention was the management of patients in stroke care units because these provided a framework within which further study might be undertaken.
Main topic distribution and research fronts of cerebral ischemia-reperfusion
Key words co-occurrence can find high-frequency keywords in a certain research field and explore the link strength between keywords, by analyzing the co-occurrence relationship of keywords in a large number of documents. The purpose of co-occurrence of keywords is to describe the internal structure of an academic field and to reveal the research frontier of the discipline. In VOSviewer, Co-Occurrence Analysis was used to generate the keywords co-occurrence cerebral ischemia-reperfusion, as shown in Fig. 8 .
In Fig. 8 , it can be seen that the frontier topics of IR can be divided into three major clusters.
There is greater correlation between the keywords in each cluster. According to the status quo and characteristics of IR, the following three clusters were analyzed:
J o u r n a l P r e -p r o o f The hippocampal tissue neurons are most sensitive to ischemia-reperfusion, which affects cognitive function. Therefore, the apoptosis of nerve cells and the protection of nerve cells are highly concerned by researchers.
In recent years, the mechanism of apoptosis after IR injury has been studied. GdCl3 (2) By analyzing the cluster density maps co-authored in the literature, we analyzed the knowledge base for cerebral ischemia-reperfusion. This helps us discover the development of theory and methods. The knowledge base consists of the following five J o u r n a l P r e -p r o o f topics: "Protective effect of multiple transient ischemia", "Suitable small-animal models", "Finding new potential targets for therapy", "Molecular signaling targets by oxidative stress"
and "A framework with further study".
(3) The network map for keywords co-occurrence shows us three representative themes at the frontier of cerebral ischemia-reperfusion: "Oxidative stress closelyd with cerebral ischemia-reperfusion", "Neuronal apoptosis and neuronal protection", and "Neuroprotective effect of the blood-brain barrier". Each of the three clusters has a connection with the nodes of the other clusters, indicating that the three research themes are independent and closely related.
In this study, the research topics and fronts of cerebral ischemia-reperfusion are the focus of our attention. The knowledge base, topic distribution and research trends are discussed through MKD analysis methods. In the future, we will pay more attention to the research branch and theme development in the field of cerebral ischemia-reperfusion. In order to make the analysis results more insightful, the weights of keywords, authors, organizations and journals would be studied. 
